Synopsis We apply a pump-probe approach to study the process of single-photon two-electron ionization of the helium atom. We demonstrate that this approach provides a complete characterization of the double photoionization process, allowing one to reconstruct both the magnitude and phase of the ionization amplitudes.
It is known that in a pump-probe ionization experiment, a complete information about the spectral amplitude of the process, including its phase, can be obtained. For the process of photoinduced Auger decay this has been demonstrated in Ref. [1] . This method consists of using an XUV pump pulse, which drives the ionization process, and an IR probe, which creates replicas of the original spectrum.
We develop an analogous scheme for the process of single-photon two-electron ionization (double photoionization -DPI) of the helium atom. We perform an ab initio calculation of DPI in helium in a presence of both XUV and IR pulses, based on the solution of the timedependent Schrödinger equation (TDSE). These results are obtained for the following particular parameters of the XUV and IR pulses. We consider the XUV pulse with the carrier frequency ω = 3.307 a.u. (corresponding to the photon energy of 90 eV), and the peak field strength E 0 XUV = 0.1 a.u. (corresponding to the intensity of 3.5 × 10 14 W/cm 2 ). The XUV pulse is polarized along the the z-axis. The time dependence of the electric field for the IR pulse is E IR (t) = E 0 IR sin Ωt, with the base frequency Ω = 0.0367 a.u. ( photon energy of 1 eV), and the peak field strength E 0 IR = 0.001 a.u. The IR field is polarized along the x-axis.
After the end of the pulse, the solution of the TDSE is projected on the set of the two-electron continuum states Ψ − q1,q2 , allowing to compute amplitudes and various probability distributions. We are interested in the particular escape geometry, with one electron escaping along the XUV polarization direction, another along the IR polarization vector.
Results are shown in Figure I . We clearly see two characteristic bands E 1 +E 2 = const, reflecting conservation of energy of the electrons. The main band corresponds to DPI process driven by XUV photon only, the lower band structure is due to additional emission of a photon with energy Ω, caused by presence of the IR field. The band corresponding to absorption of a photon with energy Ω is too weak to be seen on this scale. To retrieve information about the amplitudes of the ionization process driven by the XUV pulse from the spectrum represented in Figure I , one should be able to describe quantitatively the effect of the IR pulse on the ionization process. This is commonly done describing the effect of the IR laser by means of the Coulomb-Volkov approximation (CVA). We performed a separate ab initio TDSE calculation of DPI in helium in the presence of the XUV pulse only. Using the amplitudes obtained by means of this calculation as an input for the retrieval algorithm based on CVA, we found that this algorithm performs reliably in the case of DPI, producing spectrum very similar to the results of the TDSE calculation presented in Figure I , and allowing to use the pump-probe approach for the complete characterization of this process.
